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(57) ABSTRACT

A system for supplying an aircraft with inert gas is provided.
The system includes at least one fuel cell with an air inlet and
an exhaust air outlet as well as a membrane device with an
inlet, an outlet and a vapor-permeable membrane. The
exhaust air outlet is in fluid communication with the inlet of
the membrane device. The membrane device guides a gas
from the inlet to the outlet and to give off to the outside
through the membrane any water vapor contained therein.
This leads to a cost efficient, passive and reliable dehumidi-
faction of inert exhaust gas for inerting purposes, and a dehu-
midification device that does not or only marginally increases
the weight of the aircraft.

16 Claims, 3 Drawing Sheets
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1
SYSTEM FOR SUPPLYING AN AIRCRAFT
WITH INERT GAS, METHOD FOR
SUPPLYING AN AIRCRAFT WITH INERT
GAS, USE OF A MEMBRANE AND AIRCRAFT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to German Patent Appli-
cation No. 102012 222 020.8, filed Nov. 30,2012, and to U .S.
Provisional Patent Application No. 61/731,610, filed Nov. 30,
2012, which are each incorporated herein by reference in their
entirety.

TECHNICAL FIELD

This application pertains to a system for supplying an
aircraft with inert gas, to a method for supplying an aircraft
with inert gas, to the use of a membrane for dehumiditying
exhaust air from a fuel cell, and to an aircraft.

BACKGROUND

The integration of fuel cells in an aircraft contributes to
noise reduction and to an improvement in the overall effi-
ciency of the aircraft because, apart from the efficient provi-
sion of electrical power, all the products arising from the
operation of fuel cells can be used within the aircraft. By-
products that arise are, for example, water, oxygen depleted
exhaust air, and heat. While water is predestined for applica-
tions in wet cells or for the humidification of air, oxygen
depleted exhaust air can, among other applications, be used
for inerting fuel tanks.

It has been known to dry this oxygen depleted exhaust air
in order to prevent water from entering fuel tanks. In this
manner the danger of micro-organisms forming in a usually
hygroscopic aircraft fuel is significantly reduced. In the state
of'the art, commonly, equipment is used that by cooling the air
to be dried enforces condensation or freezing of the moisture
contained in the air.

To this effect, for example DE 102009 051 212 A1 and WO
2011 051 210 Al disclose a device that comprises a cooling
element connected to a heat sink, with a first surface and a
removal device, wherein water vapor separated in air to be
dried freezes while flowing along the first surface and is
removed by the removal device.

Other objects, desirable features and characteristics will
become apparent from the subsequent summary and detailed
description, and the appended claims, taken in conjunction
with the accompanying drawings and this background.

SUMMARY

To increase the overall efficiency of an aircraft, to reduce
maintenance expenditure, and to simplify the design it would
be sensible to use a device for drying oxygen-depleted
exhaust air of a fuel cell, which device has the simplest
possible design, requires little maintenance and is of light-
weight construction.

Accordingly, the various teachings of the present disclo-
sure provides a system for supplying an aircraft with inert gas,
which system allows drying of oxygen-depleted exhaust air
of a fuel cell, which drying is as efficient and reliable as
possible. The various teachings of the present disclosure also
provides a method for supplying the aircraft with inert gas in
which method oxygen-depleted exhaust air of a fuel cell is
dried in as passive a manner as possible.
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Invarious embodiments, a system for supplying an aircraft
with inert gas comprises at least one fuel cell with an air inlet
and an exhaust air outlet as well as a membrane device with an
inlet, an outlet and a membrane surface, wherein the exhaust
air outlet is in fluid communication with the inlet of the
membrane device, and wherein the membrane device is
adapted for guiding a gas from the inlet to the outlet and to
give off to the outside through the membrane any water vapor
contained in said gas.

The system according to the present disclosure is based on
the integration of a fuel cell that is adapted for generating
electricity when supplied with a fuel and an oxidant, wherein
water arises as a by-product. With the use of air as an oxidant,
which air is, for example, obtained from exhaust air of a cabin
or from cooled bleed air from aircraft engines, during the fuel
cell process only the oxygen content of the air is reduced, after
which the oxygen reduced air leaves the fuel cell. The reduc-
tion in the oxygen content is significant with a suitable design
of the air supply, and consequently the oxygen-depleted
exhaust air obtained from the aforesaid is inert to such an
extent that it can be used as inert gas for inerting those regions
of'fuel tanks that do not contain fuel. As mentioned above, any
ingress of water in fuel tanks is to be avoided because it would
encourage the growth of micro-organisms in the fuel or in the
fuel tank. During the fuel cell process, as a result of the
reaction of hydrogen with oxygen, a considerable quantity of
water arises that is discharged with the exhaust air from the
fuel cell. Drying of this oxygen-depleted exhaust air is thus
sensible. Therefore, as a result of the electricity generated, the
system according to the present disclosure can also be a
system for supplying an aircraft with electrical power and
inert gas.

According to various embodiments, for drying, a mem-
brane device is used, which is to be interpreted as a device
which allows a gas flow from its inlet to its outlet, wherein the
flow path between the inlet and the outlet is delimited to the
outside by a membrane so that the flowing gas establishes
contact with an active membrane surface. The membrane in
one example, comprises a pore-less structure of hydrophobic
molecules, which structure atleast in some regions comprises
hydrophilic molecules. As a result of the pore-less structure,
the gas that flows from the inlet to the outlet cannot find its
way to the outside through the membrane surface. However,
as a result of the at least hydrophilic molecular components
water vapor molecules are taken up and are transported
through the membrane surface to the outside where they are
carried away, for example by the incident flow of external air.
The difference in the temperature and in the water vapor
concentration between the inside of the flow path and the
outside of the membrane provides the driving force for the
water vapor transport. The larger the given difference the
more efficient is the functioning of the water vapor transport.
Furthermore, the membranes comprise a dynamic operating
principle, which means that the greater the number of water
vapor molecules ready for transport through the membrane to
the outside, the faster and more effective said water vapor
molecules are transported. In one example, the membrane can
be made from a polyether ester.

In one embodiment the membrane device is constructed as
an exhaust air pipe, wherein the membrane is arranged on the
external surface of the exhaust air pipe and is in fluid com-
munication with the flow cross-section of the exhaust air pipe.
As soon as exhaust air passes through, water vapor is given off
through the membrane towards the outside. In this arrange-
ment the membrane can form the external surface or can be
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contained in said external surface so that said membrane in a
jacket-shaped manner at least in part encloses the flow cross-
section.

The exhaust air pipe can be constructed in various ways. In
a conventional application, for example in functional cloth-
ing, the active material of a membrane is usually very thin.
Designing a rather thin film-like membrane to form a longish
exhaust air pipe could result in inadvertent damage during
installation or during use as a result of the application of
excessive pressure. It may thus make sense to additionally
provide a support structure for the exhaust air pipe, which
support structure comprises at least in part openings that are
covered by the membrane. This could take place in the form
of several membranes or several connected membrane sec-
tions of a continuous membrane. Hose-like lines could sug-
gest themselves as a support structure, which lines provide a
degree of flexibility and are easy to install. In the application
in an aircraft it must, in particular, be ensured that the material
used can withstand the expected differences in temperature
and pressure without being damaged. The use of thermoplas-
tics or elastomers suggests itself; the use of metallic materials
in the form of braiding comprising a multitude of thin wires is
also imaginable.

In one embodiment a fuel line is arranged within the
exhaust pipe, thus forming an interior line cross-section. In
this arrangement the actual fuel-carrying line can continu-
ously be exposed to a stream of oxygen-depleted exhaust air
so that any fuel leakages that may occur can be forced back to
the fuel source by the flow of oxygen-depleted exhaust air.

In one example, the membrane device is designed as a
double-walled fuel line, wherein an interior line cross-section
is constructed so as to be fuel-tight for carrying fuel, and
comprises an outer jacket, which is spaced apart from the
inner flow cross-section, which outer jacket at least in part
comprises a membrane that is in fluid communication with
the surroundings of the outer jacket, wherein an outer flow
cross-section between the outer jacket and the inner flow
cross-section is in fluid communication with the exhaust air
outlet of the fuel cell. Fuel lines that are planned anyway and
that are designed in a double-walled construction can thus be
implemented by a double-walled fuel line that comprises the
membrane, and consequently without incurring any addi-
tional weight a further function is carried out which results in
the dehumidification of oxygen-depleted exhaust air.

In one example, the flow of exhaust air from the fuel cell
and the flow of fuel through the interior line cross-section are
in opposed directions. The inert gas flowing through the
cross-sectional region that can be connected to the exhaust air
outlet can be channeled against the direction of fuel flow into
a fuel tank, wherein along the entire length of the fuel line a
flow around the fuel line takes place, and any fuel that might
issue from a leakage position is channeled to the fuel tank.

It could furthermore be advantageous to construct the outer
jacket or the membrane so that it is transparent at least in some
regions so that any fuel leakages can be detected by visual
checks.

Moreover, it would be advantageous to enclose the inner
flow cross-section with an insulation layer which is followed,
spaced apart from the aforesaid, by the outer jacket. This
results in the oxygen-depleted humid air channeled through
the outer flow cross-section not directly establishing contact
with, in some cases, very cold fuel over a relatively thin layer
of'material, and consequently any condensation or freezing of
water vapor accumulated in the exhaust air is prevented. This
can be advantageous, in particular, when the fuel line is used
to channel hydrogen from a cryogenic hydrogen tank, for
example, to the fuel cell or other hydrogen-consuming
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devices. In this process the hydrogen gas conveyed through
the fuel line could be at a temperature that is significantly
below the freezing point of water, which would result in an
immediate accumulation of ice and the resulting blockage of
the outer flow cross-section. As a result of the insulation layer
and the constant inflow of warm exhaust air from the fuel cell,
atemperature equilibrium can form on the outer surface of the
insulation layer, which temperature equilibrium is above the
freezing point of water.

In one embodiment the membrane device is designed as a
gas-gas dehumidifier comprising a housing through which
gas can flow, with a gas inlet and a gas outlet, wherein an
exhaust air pipe with an exhaust air inlet and an exhaust air
outlet leads through the housing, wherein the exhaust air pipe
at least in some part is designed as a membrane whose inside
is in fluid communication with an interior of the exhaust air
pipe, and whose outside is in fluid communication with the
interior of the housing. In this arrangement the exhaust air
inlet is furthermore in fluid communication with the exhaust
air outlet of the fuel cell. In this manner an airflow, for
example from an air-conditioning system of an aircraft, by
being channeled through the gas inlet can be humidified by
taking up water vapor by way of the membrane, while at the
same time the oxygen-depleted exhaust air in the exhaust air
pipe is dehumidified. The relative atmospheric humidity of
the channeled-in gas flow could be used to achieve a more
agreeable condition of air in a ventilated space of the aircraft,
for example for cockpit ventilation. Likewise the supply air
for a fuel cell, which supply air is necessary for the fuel cell
process, could be humidified in order to positively support the
necessary humidity management, in particular in the context
of'a PEM fuel cell.

According to various embodiments, method for supplying
an aircraft with inert gas comprises channeling oxygen-de-
pleted exhaust air from a fuel cell to an inlet of a membrane
device that comprises a membrane and that guides the exhaust
air from the inlet to an outlet; removing water vapor issuing
through the membrane; and channeling dried exhaust air issu-
ing from the outlet of the membrane device to a fuel tank for
inerting a space. In this context the term “space” can refer to
a fuel tank, a cargo compartment or some other spatially
delimited region within the aircraft. In this manner the above-
mentioned advantages of the present disclosure can be
achieved. As a result of the electricity generated, the method
can also be a method for supplying an aircraft with electrical
power and inert gas.

In one exemplary embodiment a gas stream is guided along
the outside of the membrane in order to take up water vapor
from the exhaust air by way of the membrane. As a result of
the continuous inflow of an externally supplied gas, local high
concentration of water vapor outside the membrane can be
prevented so that a continuous flow of water vapor from the
oxygen-depleted exhaust air is not limited. In this arrange-
ment the gas stream can comprise a gas stream present in the
surroundings of the membrane device, for example in a tri-
angular region of an aircraft, or can comprise a gas stream that
has been caused in a targeted manner, for example in the form
of an air stream flowing through a housing of a gas-gas
dehumidifier.

In one embodiment guiding an externally supplied gas
comprises guiding conditioned air from an air-conditioning
system of the aircraft, and guiding humidified conditioned air
to a space within the aircraft. In this manner it is possible, as
stated above, to channel air from an air-conditioning system,
so that said air is humidified in a targeted manner into a space
to be air conditioned or to be ventilated. Persons present in the
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space find such air considerably more agreeable than non-
humidified air, which is quite dry, from an air-conditioning
system.

The present disclosure further relates to the use of a mem-
brane for removing water vapor from oxygen-depleted
exhaust air of a fuel cell.

Furthermore, the present disclosure also relates to an air-
craft with a system for supplying the aircraft with inert gas as
stated above. In one embodiment the membrane device is
designed as an exhaust air pipe that is generally installed in a
particularly well-ventilated region of the aircraft. Said region
could be situated just underneath a cabin floor in a laterally-
directed region delimited by the outer skin of the fuselage and
an adjacent cargo compartment. Air from a cabin is sucked,
by way of free flow cross-sections, for example in dado pan-
els, by way of one or several recirculation fans, into this
so-called triangular region, and from there is partially recir-
culated. If in that location an exhaust air pipe as stated above
is installed, which exhaust air pipe is able to continuously
give off water vapor, this giving-off can be significantly
improved by the continuous incident flow of cabin air, and on
the other hand it is also possible to achieve humidification of
the air taken up, which air is to be recirculated.

In one exemplary embodiment it is also possible to use a
gas-gas dehumidifier that as a compact unit is arranged
locally, for example just upstream of a corresponding inert
gas inlet in a space, for example a fuel tank. Generally, in this
arrangement a sub-section upstream or downstream of the
dehumidifying device can be arranged in such a manner that
the dehumidified oxygen-depleted exhaust air needs to be
guided against gravity into the inert gas inlet. Any condensate
arising can, in the manner of a siphon, be prevented from
entering the fuel tank and in that location can be removed by
way of a drain. In this arrangement the gas-gas dehumidifier
comprises an exhaust air pipe in a housing through which a
gas, for example, air, flows, i.e. the housing is ventilated.

A person skilled in the art can gather other characteristics
and advantages of the disclosure from the following descrip-
tion of exemplary embodiments that refers to the attached
drawings, wherein the described exemplary embodiments
should not be interpreted in a restrictive sense.

BRIEF DESCRIPTION OF THE DRAWINGS

The various embodiments will hereinafter be described in
conjunction with the following drawing figures, wherein like
numerals denote like elements, and wherein:

FIG. 1 discloses the system according to various embodi-
ments in a diagrammatic block-based presentation.

FIG. 2 shows a simple exhaust air pipe as a membrane
device.

FIGS. 3A and 3B show exhaust air pipes with integrated
fuel lines.

FIGS. 4A and 4B show mechanically reinforced exhaust
air pipes as membrane devices.

FIG. 5 shows a gas-gas dehumidifier as a membrane
device.

FIG. 6 shows an arrangement of an exhaust air pipe in the
interior of an aircraft cabin.

FIG. 7 shows an aircraft comprising a system according to
various embodiments.

DETAILED DESCRIPTION

The following detailed description is merely exemplary in
nature and is not intended to limit the present disclosure or the
application and uses of the present disclosure. Furthermore,
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there is no intention to be bound by any theory presented in
the preceding background or the following detailed descrip-
tion.

FIG. 1 outlines the system 2 according to various embodi-
ments for supplying an aircraft with inert gas, which system 2
comprises a fuel cell 4 and a membrane device 6. For opera-
tion in an aircraft, the fuel cell 4 is generally adapted for using
air as an oxidant, which air can be bleed air, fresh air from an
air-conditioning system, cabin exhaust air or ram air. There is
thus no need for carrying along oxygen in separate high-
pressure bottles. Accordingly, the fuel cell 4 comprises an air
inlet 8 and a fuel inlet 10 which is, for example, supplied with
hydrogen (H,) or a hydrogen-containing gas mixture. During
the process taking place in the fuel cell at least part of the
oxygen contained in the air is consumed, and consequently
oxygen-depleted or inert exhaust air subsequently flows from
an exhaust air outlet 12. The exhaust air of a fuel cell 4 is
usually relatively humid because during the fuel cell process
the hydrogen contained in the fuel reacts with the oxygen
contained in the air, thus forming water. For the oxygen-
depleted, slow-reacting inert exhaust air to be able to be used
for inerting purposes it is necessary to carry out dehumidifi-
cation.

For this purpose the membrane device 6 with a semi-per-
meable or water vapor permeable membrane follows on from
the exhaust air outlet 12, with the aforesaid guiding air from
an inlet 14 to an outlet 16, wherein because of the semi-
permeability the water vapor contained in the exhaust air,
from the exhaust air issues through the membrane to the
outside while the exhaust air does not leave the flow cross-
section of the membrane device 6 between the inlet 14 and the
outlet 16. Depending on the design of the membrane device 6
the oxygen-depleted exhaust air flowing from the outlet 16 is
significantly drier than the inflowing air.

Subsequently, the dried inert exhaust air can be channeled
through an inert gas inlet 18 into a region 20 of a fuel tank,
which region 20 is not full of fuel, in order to prevent a
potentially combustible or explosive fuel-air mixture from
forming. This is to be considered necessary because in par-
ticular during emptying of the fuel tanks and during a landing
approach and the resulting higher ambient pressure when
compared to cruise flight, this region 20 must be filled with
gas or air in order to prevent negative pressure therein.

FIG. 2 shows one exemplary embodiment of a membrane
device in the form of an exhaust air pipe 24 whose wall 26 at
least in part comprises a suitable water-vapor-permeable
membrane material. Exhaust air 28, which by way of an inlet
25 flows through the exhaust air pipe 24 to an outlet 27, gives
off dissolved water molecules by way of the membrane mate-
rial 26 to the surroundings of the exhaust air pipe 24. Conse-
quently, the exhaust air 28 is dried and exits at the outlet 27 in
a drier state than it entered the exhaust air pipe 24 at the inlet
25. The thickness of the membrane material can be selected so
that the exhaust air pipe 24 withstands the mechanical loads
occurring during operation of the aircraft. For alternative
designs, reference is made to the explanations provided below
in the context of FIGS. 4A and 4B.

The degree of drying provided by this variant strongly
depends on the membrane material used, on the temperature
gradients resulting between the exhaust air 28 and the sur-
roundings of the exhaust air pipe 24, and on the correspond-
ing discharge of the water vapor issued through the mem-
brane material. The latter could be improved by arranging the
exhaust air pipe 24 in a particularly well-ventilated region so
that there is no local concentration of water vapor or local
increase in the relative atmospheric humidity on the outside
of the exhaust air pipe 24. By correspondingly routing the
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exhaust air pipe 24 in regions of known temperature behavior
that promotes the passage of water vapor, the temperature
gradient can be influenced. In particular, the temperature
should be significantly above the freezing point of water.

FIG. 3A shows a modification of the variant shown in FIG.
2, in which modification an exhaust air pipe 30, whose wall 32
also is made from or comprises a membrane material, addi-
tionally encloses a fuel line 34. The latter is adapted for
channeling fuel 36 from a fuel tank 22 to fuel-consuming
devices, which apart from engines, APUs or the like also
could comprise a reformer (not shown) that produces a hydro-
gen-containing gas from a fuel 36 comprising hydrocarbons.
In one example, there is a space between the wall 32 of the
exhaust air pipe 30 and the internal fuel line 34, through
which space exhaust air 28 can be conveyed from an inlet 31
to an outlet 33 generally against the direction of flow of the
fuel 36.

The fuel lines in a modern aircraft are frequently already of
a double-walled design, and consequently this double-walled
design according to FIG. 3A could be modified in order to
achieve advantageous passive drying of exhaust air 28 with
little or even without any additional weight. At the same time
the flow of oxygen-depleted air 28 could be suitable to flow
around any leaks in the fuel line 34 so that any leaking fuel 36
can largely be prevented from spreading as a result of the flow
of' oxygen-depleted exhaust air 28. With an adequate volume
flow and pressure of the oxygen-depleted exhaust air 28,
furthermore, flowing of the fuel 36 from any leakages to the
fuel tank 22 can take place and it can be ensured that the
dripping-out fuel does not flow in the wrong direction.

Because of the exposed position of fuel tanks in an aircraft,
for example integrated in wings, at times the temperature of
the fuel can be very low so that there is a danger of condensed
water or even ice accumulating on the outside of the fuel line
34 through which cold fuel flows. In order to avoid this, in
FIG. 3B a modification of the exhaust air pipe 30 is shown in
which the interior fuel line 34 is enclosed by an insulation
layer 38, followed at a certain distance by the wall 32. The
insulation layer can be made from any material suitable for
thermal insulation. In one example, in order to maintain a
constant external diameter the use of a foamed plastic mate-
rial of a certain rigidity suggests itself, which plastic material
should nevertheless be as flexible as possible in order to allow
easy installation of this double-walled line construction. In
order to prevent fuel 36 from being absorbed by the insulation
layer 38 in the case of a leakage in the fuel line 34 the
insulation layer 38 should in one example, be made as closed-
cell foamed plastic. As a result of the uniform diameter the
conveyance of fuel is not impeded by the inert gas 28.

The membrane material to be used can be relatively thin in
order to be able to provide particularly effective giving-off of
water vapor. However, in the context of installing an exhaust
air pipe comprising a membrane material it should be noted
that the strength of this membrane material is not sufficient as
the sole wall material of an exhaust air pipe. Purely as
examples FIGS. 4A and 4B show that an exhaust air pipe thus
need not exclusively comprise a thin membrane material, but
instead for reinforcement could comprise a suitable frame
structure that can absorb the mechanical loads arising while
nevertheless allowing a degree of shaping.

As an example FIG. 4A shows an exhaust air pipe 40 that
comprises a frame structure with stiffening elements 42
extending in the axial direction and with radial stiffening
rings 44 spaced apart from each other in the axial direction,
over which radial stiffening rings 44 a membrane material 46,
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which for example is relatively thin, has been stretched,
which membrane material 46 defines an inlet 41 and an outlet
43.

In a manner that differs slightly from the above, FIG. 4B
shows an exhaust air pipe 48 with an inlet 49 and an outlet 51,
wherein the exhaust air pipe 48 comprises a lattice structure
50 over which also a membrane material 46 has been
stretched.

The exhaust air pipes 40 and 48 can of course also be used
with double-walled designs as shown in FIGS. 3A and 3B.

FIG. 5 shows a further variant of a membrane device in the
form of a gas-gas dehumidifier 52. Said dehumidifier 52
comprises an exhaust air inlet 54, an exhaust air outlet 56, a
gas inlet 58 and a gas outlet 60. Between the exhaust air inlet
54 and the exhaust air outlet 56 again an exhaust air pipe 62
extends whose wall 64 is made of or comprises a membrane
material. Water vapor dissolved in the through-flowing
exhaust air 28 passes through the wall 64 into a housing 66
that encloses the exhaust air pipe 62. The gas flowing through
the gas inlet 58 into the housing 66 takes up the water vapor
and in a humidified state exits to the outside through the gas
outlet 60. In this arrangement it is not necessary to accom-
modate an exhaust air pipe 62 in a ventilated region; instead,
a gas that flows in the aircraft anyway, for example from an
air-conditioning system, could be used to take up the water
vapor. With the above it is possible, for example, to supply
slightly humidified air to a space to be air conditioned.

Of course, the exhaust air pipes from FIGS. 2 to 4B that are
used in such a gas-gas dehumidifier 52 can be situated
upstream or downstream of the aforesaid in order to carry out
dehumidification that is as ideal as possible.

The arrangement of exhaust air pipes in an aircraft is par-
ticularly located in heavily ventilated regions, in the case of a
modern commercial aircraft in particular in a triangular
region 68, in other words between an outer skin 70 and a
lateral delimitation 78 of a cargo compartment 72 underneath
a cabin floor 74. At that location air is sucked, by way of one
or several recirculation fans, from a cabin that follows on at
the top, from where at least some of the air enters the venti-
lation circuit again. In one example, a drainage line 76 can be
situated in the triangular region 68 so that the issuing humid-
ity is admixed to the cabin exhaust air in order to be partially
recirculated.

Lastly, FIG. 7 shows an aircraft 80 which, for example, in
an aft region comprises a fuel cell 4 that is connected to an
exhaust air pipe 82, wherein this exhaust air pipe 82, for
example, extends forward towards the triangular region 68.
Fuel tanks 86 are located in wings 84, wherein the regions of
said fuel tanks 86, which regions are not filled with fuel, are
to be inerted. The exhaust air pipe branches in a nodal point 88
and conveys the inert gas to the individual tanks 86. The
particular exhaust air pipe 82 is, for example, designed
according to the characteristics shown in FIGS. 2 to 4B or, in
a manner that differs from the above, can comprise a conven-
tional line material, wherein in this case a gas-gas dehumidi-
fier 52 follows. As an alternative to this it would also be
possible to use a combination of an exhaust air pipe from
FIGS. 2 to 4B and of a gas-gas dehumidifier 52.

While at least one exemplary embodiment has been pre-
sented in the foregoing detailed description, it should be
appreciated that a vast number of variations exist. It should
also be appreciated that the exemplary embodiment or exem-
plary embodiments are only examples, and are not intended to
limit the scope, applicability, or configuration of the present
disclosure in any way. Rather, the foregoing detailed descrip-
tion will provide those skilled in the art with a convenient road
map for implementing an exemplary embodiment, it being
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understood that various changes may be made in the function
and arrangement of elements described in an exemplary
embodiment without departing from the scope of the present
disclosure as set forth in the appended claims and their legal
equivalents.

What is claimed is:
1. A system for supplying an aircraft with inert gas, com-
prising:

at least one fuel cell with an air inlet and an exhaust air
outlet;

a membrane device with an inlet, an outlet and a vapor-
permeable membrane,

wherein the exhaust air outlet is in fluid communication
with the inlet of the membrane device, and

wherein the membrane device is adapted for guiding a gas
from the inlet to the outlet and to give off to an outside
through the membrane any water vapor contained
therein;

wherein the membrane device is constructed as an exhaust
air pipe,

wherein the membrane is arranged on the external surface
of the exhaust air pipe and is in fluid communication
with a flow cross-section of the exhaust air pipe, and

wherein a fuel line is arranged within the exhaust air pipe.

2. The system of claim 1,

wherein the membrane device is constructed as an exhaust
air pipe, and

wherein the membrane is arranged on the external surface
of the exhaust air pipe and is in fluid communication
with a flow cross-section of the exhaust air pipe.

3. The system of claim 2,

wherein the exhaust air pipe comprises a support structure
that comprises at least in part openings that are covered
by the membrane.

4. The system of claim 2,

wherein the exhaust air pipe is a double-walled fuel line,

wherein the fuel line comprises an interior line cross-sec-
tion that is constructed so as to be fuel-tight for carrying
fuel, and comprises an outer jacket, which is spaced
apart from the interior line cross-section, and the outer
jacket at least in part comprises a membrane that is in
fluid communication with the surroundings of the outer
jacket, and

wherein an outer flow cross-section between the outer
jacket and the interior line cross-section is in fluid com-
munication with the exhaust air outlet of the fuel cell.

5. The system of claim 4,

wherein the flow of exhaust air from the fuel cell and the
flow of fuel through the interior line cross-section are in
opposite directions.

6. The system of claim 4,

wherein an insulation layer encloses the interior line cross-
section.

7. The system of claim 1,

wherein the membrane device is designed as a gas-gas
dehumidifier comprising a housing through which gas
can flow, with a gas inlet and a gas outlet, and an exhaust
air pipe with an exhaust air inlet and an exhaust air outlet
leads through the housing, with the exhaust air pipe at
least in some part designed as a membrane whose inside
is in fluid communication with an interior of the exhaust
air pipe, and whose outside is in fluid communication
with the interior of the housing.
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8. A method for supplying an aircraft with inert gas, com-

prising:

channeling oxygen-depleted exhaust air from a fuel cell to
an inlet of a membrane device that comprises a mem-
brane and that guides the exhaust air from the inlet to an
outlet;

removing water vapor issuing through the membrane; and

channeling dried exhaust air issuing from the membrane
device to inert a space;

wherein the membrane device is constructed as an exhaust
air pipe,

wherein the membrane is arranged on an external surface
of the exhaust air pipe and is in fluid communication
with a flow cross-section of the exhaust air pipe, and

wherein a fuel line is arranged within the exhaust air pipe.

9. The method of claim 8,

wherein a gas stream is guided along the outside of the
membrane device in order to take up water vapor from
the exhaust air by way of the membrane device.

10. The method of claim 9,

wherein guiding the gas stream comprises guiding condi-
tioned air from an air-conditioning system of the air-
craft, and guiding humidified conditioned air to a space
within the aircraft.

11. An aircraft, comprising:

a system that supplies the aircraft with inert gas, the system
including at least one fuel cell with an air inlet and an
exhaust air outlet, a membrane device with an inlet, an
outlet and a vapor-permeable membrane,

wherein the exhaust air outlet is in fluid communication
with the inlet of the membrane device, and the mem-
brane device is adapted for guiding a gas from the inlet
to the outlet and to give off to an outside through the
membrane any water vapor contained therein, and

wherein the membrane device is designed as an exhaust air
pipe that is installed in a ventilated region of the aircraft;

wherein the membrane device is constructed as an exhaust
air pipe,

wherein the membrane is arranged on the external surface
of the exhaust air pipe and is in fluid communication
with a flow cross-section of the exhaust air pipe, and

wherein a fuel line is arranged within the exhaust air pipe.

12. The aircraft of claim 11,

wherein the ventilated region is a triangular region of the
aircraft.

13. The aircraft of claim 11,

wherein the membrane device is designed as a gas-gas
dehumidifier that as a compact unit is arranged in a
region near an inert gas inlet of a space to be inerted.

14. The aircraft of claim 11,

wherein the exhaust air pipe comprises a support structure
that comprises at least in part openings that are covered
by the membrane.

15. The aircraft of claim 11,

wherein the exhaust air pipe is a double-walled fuel line,

wherein the fuel line comprises an interior line cross-sec-
tion that is constructed so as to be fuel-tight for carrying
fuel, and comprises an outer jacket, which is spaced
apart from the interior line cross-section, and the outer
jacket at least in part comprises a membrane that is in
fluid communication with the surroundings of the outer
jacket, and

wherein an outer flow cross-section between the outer
jacket and the interior line cross-section is in fluid com-
munication with the exhaust air outlet of the fuel cell.

16. The aircraft of claim 11,

wherein the flow of exhaust air from the fuel cell and the
flow of fuel through the interior line cross-section are in
opposite directions.
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